Background: The local and systemic activation and regulation of the immune system by malignant cells during carcinogenesis is highly complex with involvement of the innate and acquired immune system. Despite the fact that malignant cells do have antigenic properties their immunogenic effects are minor suggesting tumor induced mechanisms to circumvent cancer immunosurveillance. The aim of this study is the analysis of tumor immune escape mechanisms in a colorectal liver metastases mouse model at different points in time during tumor growth. Methods: CT26.WT murine colon carcinoma cells were injected intraportally in Balb/c mice after median laparotomy using a standardized injection technique. Metastatic tumor growth in the liver was examined by standard histological procedures at defined points in time during metastatic growth. Liver tissue with metastases was additionally analyzed for cytokines, T cell markers and Fas/Fas-L expression using immunohistochemistry, immunofluorescence and RT-PCR. Comparisons were performed by analysis of variance or paired and unpaired t test when appropriate. Results: Intraportal injection of colon carcinoma cells resulted in a gradual and time dependent metastatic growth. T cells of regulatory phenotype (CD4+CD25+Foxp3+) which might play a role in protumoral immune response were found to infiltrate peritumoral tissue increasingly during carcinogenesis. Expression of cytokines IL-10, TGF-β and TNF-α were increased during tumor growth whereas IFN-γ showed a decrease of the expression from day 10 on following an initial increase. Moreover, liver metastases of murine colon carcinoma show an up-regulation of FAS-L on tumor cell surface with a decreased expression of FAS from day 10 on. CD8+ T cells express FAS and show an increased rate of apoptosis at perimetastatic location. Conclusions: This study describes cellular and macromolecular changes contributing to immunological escape mechanisms during metastatic growth in a colorectal liver metastases mouse model simulating the situation in human cancer.
Background
Colorectal carcinoma is the third most common cause of cancer-related deaths worldwide. Although great proceedings have been made in diagnosis and treatment, still 40-50% of colorectal cancer patients die of the disease within five years of diagnosis [1] . Formation of hepatic metastases in colorectal cancer is associated with poor prognosis, resulting in the death of more than 80% of patients over the long-term [2] . Surgery is the primary treatment option for isolated metastases, but only 20% to 25% of patients displaying hepatic metastases are suitable for resection and recurrence after surgical therapy is frequent [3] . Therefore, the development of new treatment modalities for liver metastases of colorectal cancer is urgently needed. Particularly with regard to therapeutic modification of the immune system, understanding of tumor-specific immunological responses and mechanisms leading to induction or suppression of the immune system are required.
The local and systemic activation and regulation of the immune system by malignant cells during carcinogenesis is highly complex with involvement of the innate and acquired immune system [4] . Despite the fact that malignant cells do have antigenic properties their immunogenic effects are minor. The causes of a weak immune response to malignant cells are multifarious and subsumed in the term "tumor immune escape". Important single mechanisms of the immune escape are down regulation of MHC-class I complex, loss of co-stimulatory surface antigens, decreased expression of apoptosis inducing death receptors (e.g. Fas/TRAIL receptor) on malignant cell, and loss of tumor infiltrating cytotoxic T cells by tumor induced apoptosis [5] . An additional, very important aspect of the "tumor immune escape" during carcinogenesis is a significant disturbed cellular immune response [6] . Regarding an effective cellular immune response the presence or absence of effector and regulatory T-cells is essential. According to the cytokine profile CD4+ T-cells can be divided in Th1 (Thelper 1)-cells, characterised by the secretion of IFN-γ, in Th2 (T-helper 2)-cells, characterised by the secretion of IL-4/IL-5 and in so called Tr1 cells, characterized by the secretion of IL-10. Furthermore TGF-β secretion is the main characteristic of Th3 cells [7, 8] . Basically, Th1cells activate cytotoxic CD8+ T-cells thus causing an antitumoral effect whereas Th2/Th3/Tr1-cells boost the tumor progression by secretion of the above mentioned cytokines. The change of a Th-1 cell mediated cytokine profile to a profile typical for Th2/Th3/Tr1-cells is called "Th-1/Th-2 shift" and is considered a major cause of an ineffective cellular immune response during carcinogenesis [9] . Furthermore, regulatory CD4+CD25+ Tcells (Tregs) which express the transcriptional repressor gene Foxp3 and emerge as mature T cells from the thymus, are increasingly under consideration in regard of the ineffectiveness of the cellular immune response to malignant cells [10] [11] [12] . Tregs play a critical role in maintaining tolerance to self antigen and in preventing autoimmunity [13] . Inducible Tregs are generated in the periphery in response to pathogens and self antigens [7, 14] . However, the induction or activation of Tregs by pathogens may be one strategy to subvert protective immunity whereas depletion of CD4+CD25+ Tregs enhances survival during certain infections [15] . Under certain conditions, typically following exposure to IL-10 or TGF-β, dendritic cells within the tumor microenvironment and cancer cells can initiate the development of Tregs limiting effector responses by inhibition of cytotoxic T-cells thus impairing anti tumor immunity [16, 17] . In conclusion, TGF-β and IL-10 expression is intimately implicated in tumor development and contributes to many features of tumor cell biology.
In this study we used an intraportal liver metastases animal model with CT26.WT colon cancer cells for the time-dependent analysis of immunological tumor escape mechanisms during carcinogenesis considering the above mentioned cytokine and cellular interactions.
Methods

Animals
Female Balb/c mice, 6-8 weeks of age, were purchased from Harlan-Winkelmann (Borchem, Germany). Animals were maintained under conventional housing conditions and under specific pathogen-free conditions. Regular screenings for the presence of murine pathogens (such as Mycoplasma pulmonis, Streptococcus pneumoniae, and Helicobacter spp.) were performed. All mice were fed a commercial diet, given water ad libitum, and subjected to an equal 12-hour light/dark cycle in accordance with institutional guidelines. Housing and all procedures involving animals were performed according to protocols approved by the University's animal care committee and in compliance with the guidelines on animal welfare of the National Committee for Animal Experiments.
Cell line
CT26 is an N-nitroso-N-methylurethane-(NNMU) induced, undifferentiated murine colon carcinoma cell line, which was cloned to generate the cell line designated CT26.WT (LGC promochem, Germany). This cell line is tumorigenic and induces colon carcinoma in rodents [18] . CT26.WT cells were propagated and subcultured according to the distributor's protocol. The cultures were routinely tested for mycoplasma contamination to ensure that only negative cells were used.
Surgical procedure
The surgical procedure of intraportal tumor cell injection has already been described extensively [19] . 1 × 10 5 tumor cells in 100 μl PBS were injected into the portal vein using a 32G needle. In all control group animals a laparotomy and an intraportal injection of 100 μl PBS solution without tumor cells was performed (n = 3). Mice were sacrificed at 5, 10, 15, and 20 days after injection (n = 7 mice per group) or earlier if tumor related cachexy or hepatic failure with tumor related ascites occurred. Control group animals were sacrificed on day 5 following PBS injection. Liver and lung tissues of all animals were collected and subjected to histological examination. Liver metastases were further examined by immunohistochemistry, Real Time PCR, and TUNEL assay. All surgical procedures administered to the animals were in accordance with institutional guidelines. Tumor volumes were calculated by measurements of the short and long axis of the mass of the prominent metastasis, where V = π/6 × a 2 × b (a: short axis of the tumor, b: long axis of the tumor).
Immunohistochemistry/Immunofluorescence
About half of the complete liver tissue was fixed in 4% buffered formalin for histological examination and PCR-analysis. Paraffin sections were evaluated using hematoxylin and eosin. The rest of the liver tissue was either snap-frozen and stored at -80°C for RNA extraction and Real Time PCR analysis or fixed in acetone for Cryostat sections.
Monoclonal antibodies (mAb) were purchased as follows: anti-CD4-mAb (MCA 1767), anti-CD8-mAb (MCA 609G), anti-CD25-mAb (14-0251), anti-Foxp3-mAb (14-5773) from eBioscience (San Diego, CA, USA), anti-FAS-L-mAb (ab21233) and anti-FAS-mAb (321-335 Cat. No. PC69) from Calbiochem (Darmstadt, Germany). Cy3 conjugated anti-CD4-mAb and anti-CD8-mAb were purchased from Linaris (Wertheim, Germany). Isotype-matched mAbs or purified IgG1 (MCA1211, Serotec, Oxford, England) and controls for residual endogenous peroxidase activity were included in each experiment.
The analysis of single staining was performed for CD4, Foxp3, CD8, CD25, FAS, and FAS-L. Immunohistochemical double staining was carried out for CD4 and CD8 following standard staining procedures. For immunohistochemical double staining, antibodies bound during the first staining step were eluted using LIN-Block (RAG0149LK) (Linaris, Wertheim, Germany) according to the manufacturer's instructions, and the slides were subsequently incubated with the second primary mAb diluted in TBS plus 0.5% BSA for 20 min at 37°C followed by AP-conjugated secondary antibody and development with Vector Blue (SK-5300) (Linaris) for 30 min and counterstaining with hemalaun for 1 minute.
The sequential immunofluorescence double staining (coexpression) was detected with Foxp3+ and CD4+ and FAS+ with CD8+ cells. The slides were incubated with the primary antibody or control antibody diluted in TBS plus 0.5% bovine serum albumin (BSA) overnight at 4°C in a humidified chamber and with secondary FITC-conjugated (fluorescein isothiocyanate) antibody for 30 minutes at room temperature in a humidified chamber. The slides were blocked with 10% normal rat serum diluted in TBS and incubated with the Cy3 conjugated primary antibody diluted in TBS plus 0.5% BSA overnight at 4°C in a humidified chamber. Slides were counterstained with DAPI (4',6-diamidino-2-phenylindole) if necessary (Sigma-Aldrich, Steinheim, Germany).
The quantification of each immunohistochemical staining was done by cell counting in six individual representative high power fields (× 400). Likewise, the evaluation of immunofluorescent double staining was performed by counting CD4+ or CD8+ cells in six high power fields (×400) together with Foxp3+ or FAS+ cells in cryostat sections. The proportion of Foxp3 positivity in counted CD4+ and the proportion of FAS positivity in counted CD8+ cells were expressed in percentages. The result of the staining was expressed in percentages (%) positivity. Results were examined by two blinded and unbiased colleagues experienced in gastrointestinal pathology and histology.
RNA extraction
RNA was extracted using an RNA extraction kit (Qiagen, Hilden, Germany) from at least 10 mg of homogenized tumor tissue. After homogenization DEPC-75% ethanol was added to the lysate to provide ideal binding conditions. The lysate was then loaded onto the RNeasy silica membrane ("RNeasy Mini spin column"). After binding of RNA all contaminants, including genomic DNA, were efficiently washed out. Pure, concentrated RNA was eluted in water and stored at -70°C until further analyses. The amount of total RNA was determined by measuring absorbance at 260 nm. The purity of the total RNA was established by confirming that the 260 nm: 280 nm ratio was within a 1.8-2.0 range, indicating that the RNA preparations were free of protein contaminants.
RT-PCR for cytokine genes in metastatic tumor specimens
mRNA expression of representative surface molecules and cytokines (CD4, CD8, CD25, Foxp3, IL-10, TGF-β, TNF-α, IFN-γ, FAS, and FAS-L) was analyzed in metastatic tumor specimens by Real Time PCR. Experiments were done 4-6 times per animal. RNA was extracted as described above. cDNA was prepared using 2 μg of heat-denatured RNA. Primer sets from Quiagen (Hilden, Germany) were used for analysis. Optimum primer concentration was determined by titration. Real Time quantitative PCR was performed in a two-step RT-PCR using SYBR-Green PCR Master Mix (PE Biosystems, Foster City, CA) with 100 ng cDNA and 300 nM of primers in a total reaction volume of 50 μl. PCR thermal cycling conditions were as follows: 95°C for 10 min, followed by 40 cycles of 95°C for 15 sec and 60°C for 60 sec. Gene specific products were continuously measured by an ABI PRISM 7700 sequence detector (Applied Biosystems, Foster City, CA) and relative quantification was performed following the manufacturer's instructions.
In situ detection of apoptosis
To identify cells with fragmented DNA we used a nonisotopic DNAend-labeling in situ technique, employing digoxigenin-dNTP and terminal transferase (ApopTag® Fluorescein in Situ Apoptosis Kit, Chemicon, Planegg-Muenchen, Germany). Briefly, sections were post-fixed and equilibrated in terminal transferase buffer before the addition of reaction buffer containing digoxigenin-dNTP oligonucleotide. The digoxigenin-dNTP-containing oligonucleotide extensions were detected by anti-digoxigeninfluorescein conjugate diluted in a blocking agent, followed by blocking with 10% normal rat serum diluted in TBS (DAKO) and incubated with the Cy3 conjugated primary antibody anti-CD8-mAb diluted in TBS plus 0.5% BSA overnight at 4°C in a humidified chamber. The sections were washed and covered with Polyvinyl-alcohol mounting medium (DABCO) (Sigma-Aldrich) and analyzed using a Zeiss camera (Jena, Germany). Photographed Images using the Metamorph software (Visitron Systems, Puchheim, Germany) package were imported into Microsoft Office Picture Manager. For negative controls, sections were incubated with TUNEL reaction mixture without TdT. For positive controls, sections of female mammary gland were used.
The apoptotic index (AI) was defined as the ratio of TUNEL-positive infiltrated cells to all counted infiltrated cells × 100. For each group, the number of stained cells was counted in at least ten 400 × high-power fields. Cells were defined as apoptotic if the whole nuclear area of the cell labelled was positive.
Statistical analysis
Results were expressed as mean ± SD. Each of the above mentioned studies was performed in seven mice per group. Comparisons were performed by analysis of variance or paired and unpaired t test when appropriate. Bonferroni's correction for multiple comparisons was used to determine the level of significance. p < 0.05 was considered significant.
Results
Induction of liver metastases by intraportal injection of CT26.WT colon carcinoma cells
The injection of 1 × 10 5 CT26.WT cells in 100 μl PBSsolution resulted in development of hepatic metastases in all animals. There was a continuous increase in tumor volume overtime (day 5: 8.4 ± 2 mm 3 , day 10: 150.7 ± 32 mm 3 , day 15: 435.4 ± 37 mm 3 , day 20 680.3 ± 41 mm 3 ). Therefore, the injection of 1 × 10 5 CT26. WT cells was used for this study. None of the animals showed pulmonary metastases.
Analysis of T cell infiltration at early and late tumor stages
Real Time PCR analysis following intraportal injection of 1 × 10 5 CT26.WT cells (n = 7 at each time point) showed significantly higher gene expression level of specific T cell markers during metastatic growth. A significant increase of the expression of CD4, Foxp3 and CD8 could be shown at all points of time compared to the previous time segment. Additionally, the expression of CD4 and CD8 at day 5 was already significantly increased compared to control tissue. The expression of CD25 showed a significant increase from day 5 to day 10 and from day 15 to day 20. Relative quantification value, fold difference, is expressed as 2 -ΔΔCt (Figure 1a ). These findings were immunohistologically confirmed showing an expression pattern according to the increased gene expression of CD4, Foxp3, CD8, and CD25 during formation of liver metastases. Immunohistologically increasing numbers of Foxp3+ T cells as well as CD4, CD25, and CD8 were detected during carcinogenesis (Figure 1b) . Especially the number of CD4+ T cells increased over proportionally on day 20 post injectionem (Figure 2a ). Using immunofluorescence Foxp3+ expressing cells were identified as CD4+ phenotype which were increased at day 20 compared to day 10 (Figure 2b ).
Cytokine expression
Following injection of 1 × 10 5 CT26.WT cells Real Time PCR analysis showed significantly increasing gene expression of IL-10 from day 10 to day 20. The expression of TGF-β was significantly increased on day 10 and 15 compared to the previous point of time, whereas TNF-α showed a significant increase in expression only until day 10. From this time on no significant changes occurred with TNF-α. In contrast, IFN-γ gene expression increased significantly until day 10. From day 10 on, however, a significant decrease of expression could be observed until day 20 (Figure 3 ).
Analysis of FAS/FAS-L expression on tumor cells during metastatic growth
In Real Time PCR analysis, down regulation of FAS gene expression in metastatic liver tissue could be detected from day 10 on (p < 0.05 day 10 to day 15) following an initial increase in FAS gene expression at day 5 and 10. FAS-L expression was increased during tumor development (p < 0.05, day 10 compared to day 15 and day 20 respectively, Asterisk) ( Figure 4a ). Immunohistologically FAS-L expression was morphologically attributed to the tumor cells in liver metastases at late tumor stages (p < 0.05, day 10 compared to day 15, day 20 and normal tissue, respectively, Asterisk; Figure 4b, 5a ). Additionally the immunohistological detection of FAS receptor in liver metastases showed a significant decrease from day 10 to day 15 following an initial increase in expression (Fig 4b, 5b ). The expression of FAS and FAS-L by tumor cells was confirmed by positive control staining of the tumor cell line CT.26 WT. FAS expression was observed predominantly on CD8+ T cells infiltrating the perimetastatic margin: CD8+/FAS day 10: 12 ± 4.9%, day 15: 15 ± 5.4%, day 20: 21 ± 4.7% (day 20 shown in Figure 6a ). TUNEL assay confirmed apoptotic events in these perimetastatic areas and showed an increased rate of apoptotic CD8+ cells during tumor growth: CD8+/TUNEL day 10: 5.6 ± 2.9%, day 15: 13 ± 4.7%, day 20: 20 ± 3.4% (day 20 shown in Figure 6b ). [20] . Nowadays this hypothesis is proven although the interaction between malignant tumors and the immune system is much more complex than Mr Burnet thought more than fifty years ago. Increasing knowledge of the interplay between malignant cells and the innate and adaptive immune system is the basis for the development of modern immunotherapeutic strategies. These strategies, however, need to be tested preclinically in reliable animal models.
In this study we describe a colorectal liver metastases animal model showing tumor growth in an immunocompetent mouse. In such a model tumor induced immune responses similar to the situation in human beings can be analysed at different points of time during carcinogenesis. In this regard such a model can be an important tool for further immunotherapeutic intervention studies.
CT26.WT, which has been used in this study, is a common murine colon cancer cell line, which has been used in several studies to investigate the mechanisms of tumor stromal interactions and anti-tumor immune responses [21, 22] . Numerous animal models have been developed to gain detailed information on initiation, promotion, and progression of colorectal liver metastases. The morphology, biochemical alterations, and biological behaviour of the malignant disease should be, compared to the situation in humans, reproduced properly by an animal model. Thus, the main purpose of such a model should be to approximate as much characteristics as possible of the emergence of liver metastases. We are fully aware of the fact that our model does not represent the initial steps of dissociation, invasion and intravasation of the metastatic process [23] . Nonetheless, taking into account the prompt and reproducible initiation of a constant number of liver metastases following intraportal injection of CT26.WT colon cancer cells, the herein described model fulfils the demands of a sufficient and biological reliable animal model requested for the study of new therapeutical approaches.
The cellular invasion with predominantly lymphocytes infiltrating the tumor is one of the main features of the host immune response. The presence of tumor specific T cells has been correlated with improved clinical outcome in different human cancers [24, 25] , but does not necessarily result in anti-tumor immunity since T cells can also promote the progression of tumors through different growth factors [26] . In this regard high densities of CD3+ tumor infiltrating T cells in node negative colorectal cancer were shown to make the occurrence of metachrone metastases unlikely [27] . Furthermore, high densities of CD8+/granzymeB+ T cells and CD45+ memory T cells at the tumor margin and in the center of colorectal cancers were found to be a better predictor of patient survival than the histopathological methods usually used, leading to the hypothesis that not only the type but also density and location of tumor infiltrating T cells may be a more critical determinant for the prognosis [28, 29] . In this study we observed a steadily increasing number of CD4+ and CD8+ T cells beleaguering the liver metastases. In contrast to human colon cancer in which the rate of tumor infiltrating lymphocytes is less than 10% of surrounding stromal cells [30] , we found a much higher number of primarily CD4+ T cells. This has to be attributed to an obviously different cellular immune response in this rodent model as the quantity of tumor infiltrating lymphocytes seen in this study obviously does not reflect the human situation. The fact that most CD4+ T cells were also positive for Foxp3 shows that at different points of time during carcinogenesis in this model, an increasing number of phenotypical regulatory T cells (Tregs) were detectable at the tumor site demonstrating a potential protumoral effect. This is in accordance with data showing that natural CD4+CD25+ Tregs may play a critical role in the progression of a number of cancers by suppressing anti tumor immune response effects [31] [32] [33] . In this regard we previously demonstrated that an increasing number of Tregs specific genes at the tumor site correlate with the UICC stage of human colon cancer supporting the protumoral effect of Tregs [10] . By contrast, however, it was shown recently that a high density of Foxp3+ Tregs in tumor tissue of patients with colon cancer was associated with an improved survival [34] . Thus, the final assessment of a potential anti-or protumoral effect of Tregs in colon cancer can still not be served. Recently a new CD8+CD25+Foxp3+ (T8reg) T cell subset was described in patients with colon cancer [35] . Although in small absolute number, T8regs were more abundant in the blood and tumor tissue of tumor patients compared to healthy volunteers. The study provides indirect evidence for an inhibitory effect of T8regs on the antitumor immune response which seems to be similar to the effects mediated by CD4+CD25+ Tregs. In our study we did not analyze the presence of T8regs which however should be of interest in further studies. CD4+ T cell response for anti-tumor immunity can be divided into different types depending upon their cytokine profile [36] . Th1 cells are characterized especially by the production of IFN-γ, whereas Th2, Th3 and Tr1 cells secret cytokines IL-4, IL-5, IL-10 and TGF-β. The balance between Th1 and Th2/Th3/Tr1 cytokines has definite influence on the outcome of various immune responses, as Th1 preferentially induces cellular immunity whereas the others tend to elicit humoral immunity. Basically a Th1 cytokine profile mediates an anti-tumor immunity whereas a Th2/Th3/Tr1 cytokine profile supports a pro-tumor activity. The change from a Th1 profile to a Th2/Th3/Tr1 profile, the so called Th1-/Th2shift, is an important feature of an insufficient cellular immunity during carcinogenesis [37, 38] . In colon cancer the expression of Th1-associated genes like IFN-γ, which exerts antiproliferative, antiangiogenic, and proapoptotic effects on a variety of tumor cells [39, 40] , was significantly associated with a more favourable clinical course of the disease [41] .
In our tumor animal model described in this study cytokines IL-10 and TGF-β were expressed increasingly during carcinogenesis at different points of time in metastatic liver tissue following intraportal CT26.WT colon carcinoma cell injection whereas the expression of IFN-γ decreased beginning from day 10 after tumor cell injection. These results are in accordance to previous studies [4] and reflect the above mentioned Th1-/Th2 shift which could be observed in our model in the later stages of carcinogenesis (day 10 to 20). TNF-α, which is an important proinflammatory cytokine produced mainly by macrophages and dendritic cells, is known to support the development of IL-10 producing Tr1 cells [42] . Thereby the protumoral cytokine profile is augmented additionally by increasing levels of TNF-α, which also has been demonstrated in a murine melanoma model [43] . Thus, in this model the pathophysiological change of cytokine profiles seen in human reality seems to be imitated properly.
It has been shown that the interaction between FAS and its ligand (FAS-L) induced FAS-positive cell apoptosis in colorectal tumor cell lines [44] . Different strategies of tumors to escape cancer immunosurveillance involving these molecules have been studied and led to the so called "counterattack" hypothesis [45, 46] . We observed that FAS gene expression was down regulated in liver metastases beginning from day 10 after tumor cell injection following an initially increased expression. FAS-L expression was increasingly detected at all points of time during carcinogenesis. In addition, FAS-L expression was clearly attributed to the tumor cell surface in liver metastases shown by immunohistochemistry, while FAS expression was observed predominantly on CD8+ T cells infiltrating the perimetastatic site. Proper to this end the number of apoptotic CD8+ T cells was increased time-dependent during growth of metastases. This might contribute to the impairment of the cellular anti-tumor immune response although elevated gene expression and immunohistological confirmation of an increasing number of CD8+ T cells was demonstrated during carcinogenesis in our model. This result supports the "counterattack" hypothesis morphologically and implies that tumor cells possibly circumvent immunological surveillance by up-regulation of FAS-L expression and down-regulation of FAS, at least at later stages of carcinogenesis. The "counterattack" hypothesis, however, is hard to prove in vivo, since we cannot demonstrate the functional significance of these findings by mere morphological observation.
Conclusion
In conclusion, this study describes immunological escape mechanisms during metastatic tumor growth in a colorectal liver metastases mouse model at different points in time. We have shown that tumor growth induced an extensive cellular immune response of predominantly regulatory T cells with a presumably protumoral activity. Furthermore we could demonstrate a shift from Th1-to Th2-associated cytokine profiles during carcinogenesis simulating the situation in human cancer. Additionally a further feature of tumor immune escape mechanisms, the FAS/FAS-L "counterattack", could be shown in the described murine model. Taken together this model simulates several features of immunological escape mechanisms during carcinogenesis and might serve as a model for immunotherapeutic intervention studies.
